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INTRODU CTION

The objective of this report is to describe the applicability and the

future potential of the Space Technology Analysis and Mission Planning

{STAMP) Model and computer program to the planning, evaluation and

formulation of advanced technology programs. The work was carried out

under Contract NAS8-11084 by the Advanced Studies Office of General

Dynamics/Convair under the cognizance of Dr. H. H. Koelle, Director,

Future Projects Office, National Aeronautics and Space Administration/

George C. Marshall Space Flight Center and Mr. Voya Gradecak, Technical

Manager of Contract NAS8-11084. The comments and guidance provided

by Mr. Gradecak and members of his panel were most helpful and contri-

buted to a frequent exchange of ideas between MSFC/FPO and Advanced

Studies, GD/C.

SPACE TECHNOLOGY AND ANALYSIS AND MISSION PLANNING

Space Technology Analysis and Mission Planning (STAMP) is defined

as the methodology of planning, evaluation and ranking of technological and

programmatic courses of action in space. The objective of STAMP is to

provide a thorough, consistent and objective basis for selecting courses of

action in developing the proper technological means and in carrying out with

them the proper plans.

A plan may refer to various levels of activities. Relevant activity

levels are defined in Fig. i. The programs and projects of each of the

three areas are shown in Fig. Z. Seven technology-oriented programs

can be defined, so far as space flight is concerned. Each of these pro-

grams is a cluster of numerous individual projects. Three development

oriented programs are indicated. The non-manned program is based on

instrumented space probes; the manned program on manned transportation

systems all the way to the destination {e. g. a Mars landing). The manned/

non-manned program is one in which both types of vehicles are extensively

employed; such as, for instance in a Mars or Venus orbital reconnaissance

station project, where manned flight is extended into a circumplanetary

capture orbit and instrumented probes are used from the station as a sub-

stantial portion of the planet exploration activity. Each of three programs

consists of development projects which, in turn, can be classified as per-

taining to vehicles, payloads and operational modes. The operations or-

iented programs are logically categorized as orbital, lunar and planetary

programs. Each of these is a cluster of mission projects, consisting of

one or more missions of interrelated objectives. The mission is the

smallest integral entity of this group.
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The technology oriented programs, together with the more general

field of basic research, are the foundation of the national space program.

On their accomplishments are based the development projects of the various

operations oriented programs, such as the development of launch vehicles,

space stations, and orbital mating operations. Once these are perfected,

the mission programs take over and carry out the type of extraterrestrial

activities specified by the General Space Plan. This sequence which is

illustrated in Fig. 2 above, provides the principal planning orientation.

A plan, or course of action, is, therefore a coordination, integration

or synthesis of

• Technological state-of-art advancements

• Development of vehicles, payloads and operational modes

• Extraterrestrial activities, operations and associated missions.

It follows from Figs. 1 and 2 that a National Space Program, referred

to as General Space Plan (GSP), is the integration of all technology oriented,

development oriented and operations oriented programs. A program is

defined as the sum and the integration of all projects belonging to the partic-

ular program. The basic definitions used here for the term project in the

three main areas of the GSP (namely, Technology, Development, Operations)

are given in Fig. 1. While Advanced Research and Technology (ART) pro-

jects and development projects consist of many individual, smaller projects

and activities, the operations projects can be resolved further into individual

missions, belonging together by objectives and design. An operations pro-

ject, therefore, is considered here as a number of missions required to

achieve a planned capability plateau. Generally, development projects and

ART projects are carried out in support of a planned operations project, or

several projects.

A mission is something very specific, indivisible and, therefore, the

basic unit of operations planning. A mission is a closely integrated sequence

of events with a clearly defined beginning and ending. A mission involves

only the operation, but not the development, of equipment, components, sub-

systems and systems. A mission (orbital, lunar or planetary) is defined by

• Objectives

• Mission Profile

• Payload

• Transportation System



The mission mode, chosen from a variety of operational alternatives,

follows from mission profile and transportation system. A definition of

the above four mission parameters is presented in Fig. 3. Accordingly,

the computer model consists of the following Sub-Models,

0

I00

ZOO

300

400

500

600

700

800

900

1000

Operational Achievements & Technology Milestones

Mission Analysis

Mission Objectives & Payload Analysis

Propulsion Analysis

Vehicle Analysis

Available Resources Analysis

Vehicle-Mission Integration

Vehicle Payload Integration

Technological Program Synthesis

Resources-Based Program Snythesis

Space Program Summaries

The overall computer model structure by Sub-Models is shown in

Fig. 4. Sub-Model 0 has the purpose to provide the basic framework of the

General Space Plan (GSP) model under consideration, by specifying key

operational achievements and principal technological milestones. Tab. 1

shows a number of basic milestone groups defined under Sub-Model 0.

Sub-Models I00, 200, 300, 400 as well as 700 enter into a vehicle-mission

integration process. If storage capability is introduced permit the hold-

over of important results over a number of missions and the subsequent

evaluation of these results in a Technological program synthesis,it is pos-

sible to consider parts or complete space programs. OperationaiAchieve-

ments and Technical Milestones on the one hand, and Operational Program

synthesis on the other results in the definition of operations programs de-

velopment programs and ART programs whose cost and schedule aspects

represent the foundation for judging the compatibility of the particular General

Space Plan with the likely available resources provided by sub-model 500.

Fig. 5 shows the outputs of the various sub-models. Of these sub-models,

i00, 200, 300, 400, 600, 700, 800 and the 1000-group are represented by

programs or sub-routines in the computer. The other three, namely, 0, 500

and 900 are not computational. Because these mission- (and, therewith, pro-

ject) defining parameters are of general validity, any group of operations

oriented missions or projects can be combined for reasons of cost accounting

4



Mission Objectives

General Utility

Scientific

Technological

Military

Supply / Maintenance

Mission Profile
Mission Velocity

Main Mission Sequence & Magnitude of Maneuvers

Mission Period

Mission Phases

Sub-Mission _ _ Environmental Conditions
[___ Special Requirements

Payload

Destination Pld.

Intransit Pld.

Transportation Pld.

Operational Pld.

Earth Launch Vehicle
Low Earth Orbit Delivery

High Earth Orbit Delivery

Lunar Delivery

Planetary Delivery

Transportatior

System

Orbit Launch Vehicle

Inte rorbital

Space Vehicle (ISV)
-----Cislunar (CISV)

Heliocentric (HISV)

-- Destination Space Vehicle

Orbit Excursion Vehicle

Surface Excursion Vehicle

Planet Moon Excursion Vehicle

Overall Flight

Spacecraft

(Instr. Space Probe)

B us / Or bite r

_--- Lande r

Fig. 3 MISSION DEFINITION PARAMETERS



i!-

O<

N

lal

m.--2

<<
> Z
<<

0
o

m

z_

_O- ,_

o

! I

Jl Ti
I

I '
I

i l

¢.n

I.,lZ
,,.)_
_m

"8

W

,-1

0

I

0

o
.-1

0

z

I.,l

_2

vl

-1

n
0

u_

I



Tab. L 0 OPERATIONAL ACHLEVEMENTS & TECHNOLOGY

MILESTONES

- lE : establishing installation

- M - maintaining and supplying installation

. p ; special personnel traffic to and from installation

010 lear th Orbital

0K 1 Orbital Research Laboratory ( L_ 100 tons}

01Z Functional Space Station (i00-450 tons)

013 Launch Facility

014 Base (_" 1000 tons)

0l 5 Cislunar Space Station ( L Z00 tons)

020 Lunar Orbital

021 Orbital Reconnaissance Station (ORS) (3-6 persons)

022 Launch Facility (10 - 50 persons)

023 Base (50 - Z00 persons)

030 L_mar Surface

031 Surface Excursion ISIE) (2-4 persons; days - Z weeks)

033 Small Base (4 - 10 persons)

033 Medium Base (11 - 100 persons)

054 Large Base (100 - 200 persons)

035 Colony (-_ 200 persons; permanent or long=term

residence; bi- sexual population)

040 Planetary Or bita[

041 Fly-By (6 - t2 persons)

04_ Capture (10 - 50 day Capture period; 8 - lb persons)

04 t planet Moon 1" ]

044 Orbital Reconnaissance Station (ORS] (50 - 300 day

Capture Period or more; 8 - 30 persons}

050 planet or planet Moon Surface

051 S_Lrface Excursion (SE) (3 - b persons; ] - 3 weeks)

0qZ Synodic Base (SB) (Mars: ZOO - 300 days, Z0 - 40 persons)

053 t,ong Term Base (LTB) (Mars: years; 40 - 100 persons;

supply flights required)

0b0 Hehocentric & interstellar

0t>l Asteroid Exploratlon

0bZ Asteroid Long-Term Base

Ob _ Comet Exploration

0t_4 lleliocentrlc Orbit Installation

0_5 ,T ;plier [)robe

Ot_¢, Solar Entry probe

057 Solar Escape Probe

070 ] e_ hnology Mliestones

071 Scald Core Rear tot _SCK] NLLclear Engines

07i Gaseous Reattlon N_clear Engines (Gaseons Core Reactor

(GCR); N,Lclear Pulse (NP) etc )

07_ N,,c Lea r-lEle_ tric lEngznes

074 E_ cdogical Systems

075 Advanced lE_rth Atmospheric Entry Modes (lElEM)

07_ Electric power Generation

077 Gaidance g Nav:gat:on

07_ inf,) r i_:at l(m A_ qttl_lt _u:_

07:_ Inforrnatlon }tandilng & Transmission

050 E._rth-to-Orbit, Space-to-Earth, and Space-Planet De,titration

Vt, h: cle Milestones

0_1 Ctxenu_al Re,_able Passenger-Car_o Transport

08L post-Saturn

083 Global Sub-Orbital Transport

084 Alrbreathang Reusable Lofter

085 AertJ-Nuclear Reusable Orbital Transport

08¢! Lunar Landing Vehlcies

087 Planetary Landing Vehicles

090 [nlerorbital Space Transportation Systems

09 i OLV

09_ Interorbltal Cish_nar Space Vehicle (CISV)

093 Re_sable CISV

094 HeliocentrLc InterorbHal Spa_e Vehicle (HISV)

09_ Reusable HISV

7



or development project specifications or ART planning purposes, such

as, for instance

• All orbital deliveries involving Saturn IB, whether in support of an

orbital operation, of unmanned Earth Satellite projects or of in-

strumented probes

• All deliveries involving Saturn V, be it ORS, Apollo, AES, manned

planetary mission support, or launch of advanced Voyagers.

• Conversely, the grouping can be done by projects and programs:

• Apollo and AES

• Manned Planetary Missions or Projects

• Orbital Operations

• Instrumented Earth Satellites

• Instrumented Planetary Probes and Landers

• Instrumented Roving Interplanetary Probes,

Asteroid Probes and Trans-Pluto Probes.

Comet Probes,

Other ways of grouping projects and programs are possible, depending

upon the userCs approach and objectives.

A more detailed discussion of the overall computer model is presented

in Vol. I (Summary) and Vol. III, General Report.

APPLICATION OF STAMP TO SPACE TECHNOLOGY PLANNING

Specifically, the objectives of the STAMP computer model are specified

in Fig. 6. The role and place of ART program planning and evaluation as

envisioned within the context of this model is shown in Fig. 7. The object-

ives of ART are aimed at

• Space Capability

• Reliability

• Timeliness

• Economy

Improve Scope and Quality of Space

Operations

Improve Safety and Operating

Effe ctivenes s

Compatibility with Objectives and

Schedules

Improve Cost Effectiveness



l OBJE CTIVES EVALUATION

REQUIREMENTS EVALUATION

MISSION ENGINEERING

SYSTEMS ENGINEERIRG

DEVELOPMENT PROGRAM PLANNING & EVALUATION

ART PROGRAM PLANNING AND EVALUATION

Fig. 6
SPACE TECHNOLOGY ANALYSIS AND MISSION PLANNING

OBJECTIVES

PLANNING &

EVALUATION_

NA T IONA L SPA CE

PROGRAM

SCHEDULE & FUNDING

CONSTRAINTS

REQUIREMENTS

EVALUATION

ART PROGRAM

MISSION ENGINEERING PLANNING &

SYSTEMS ENGINEERING _ EVALUATION

I
STATE-OF-ART

CONSTRAI NTS

Fig. 7 SCHEMATIC OF THE ROLE OF TECHNOLOGY

PROGRAM PLANNING AND EVALUATION



The first and third points tie ART planning into mission planning via

development planning. The second and fourth points contribute to the safety

and effectiveness of space operations. The operating effectiveness is de-

fined here as ratio of ideal cost effectiveness to actual cost effectiveness;

and cost effectiveness is defined cost (either direct or direct and indirect)

operating cost per unit weight, per person or other suitable unit.

The task of space technology planning covers such a broad range of

major systems, subsystems and related data that a computerized methodology

appears to be the only feasible means of approach. A simple review of the

list of technology oriented areas, shown in Fig. 8 and amplified in Fig. 9

shows the complexity of the task. The technology covered in Fig. 9 is

focused primarily on transportation vehicles and does not include additional

end instrumentation and other requirements for vehicles operating on extra-

terrestrial surfaces. The analogy with higher biological forms illustrates

the similarity of requirements and approaches, which nowhere is more pro-

nounced than in space vehicles, and points at the need for integration and

yet flexibility, redundancy and yet economy. This integration is the task of

the development projects. However, their activity, in turn rests on the

foundations of long lead time ART projects preceding them. It is apparent

that a large number of alternatives exists already on the level of individual

vehicles. Vehicles, or important parts thereof, primarily the propulsion

system, in turn, have to match mission requirements, based on independently

selected mission objectives; or they impose constraints on the mission ob-

jectives, selected as dependent variables within a given state-of-art. To

minimize such constraints as much as practical is part of the first of the

ART objectives listed at the beginning of this section. Superimposing mis-

sions or operations oriented project considerations over the multitude of

alternatives implied in Fig. 9 raises the complexity still further.

Upon examination of the STAMP computer model it may be argued

that it is not sophisticated enough nor sufficiently broad to contribute sig-

nificantly to an evaluation of choices in particular technological areas,

such as for instance, a choice between thermionic and turbo-alternator

power conversion systems; or a choice between various types of data com-

paction systems; or a choice between chemical, nuclear or airbreathing

engines for Earth launch vehicles.

It is true that the computer program has as yet been extended only to

a limited degree into the area of computerized design of a not only loosely

specified component, subsystem or system. It certainly is possible to

carry out such extension, but that requires additional work. In principal,

therefore, the STAMP concept imposes no inherent constraints to increas-

ingly broad and detailed applicability in this area.

10
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C_CTEIIISTIC

Power _nd Locomotion

Form Stability

Protection

Sensors and Orientation

Intern al Distribution and

Exchange

Regulatory Control and

Safety Devices and

Provisions

Intelligence

BIOLOGICAL

• Muscle

• Skeleton

• Bones

• Skin

• Hair

• Fat

• Eyes (4. 2.106bits/sec)

• Ears (8000 bits/sec)

• Touch

etc.

• Nerves

• Blood Circulation

• Heart

• Lungs

• Kidneys

• Stomach

• Hormones

• Vitamins

• Transpiration

• Vestibulary Apparatus

• Brain

TECHNOIAX]ICAL

• Propulsion

• Electric Power Generation

• Structures

• Heat Protection Systems (Aerodynamic

Heating; Solar Heating; Reactor Heating;

Engine Heating)

• Meteoroid Shielding

• Radiation Shielding

• Spacewear for Astronauts

• Information Acquisition (End-lnstrumentation)

(Optical Sensors; Receivers; Sensors for

Corpuscular Radiation, Temperature, Vibra-

tion, Acceleration, etc. )

• Guidance and Navigation (Inertial Reference;

Optical Reference; Attitude Stabilization;

Navigation Thrust Subsystem; Radar;

Communications; Computer)

• Artificial - G Provisions

• Electric Power Conditioning and Distribution

• Heat Exchanger Systems

• Pneumatic Subsystems

• Hydraulic Subsystems

• Ecological Subsystems

• Pressure Control (Venting)

• Thermal Control

• Attitude Control

• Intra-Vehicular Checkout and Diagnostic

Devices

• Fail-Safe Provisions (Redundancies;

Modtdarization; Accessibility; Interchange-

ability; Repairability)

• Sterilization

• Information Handling (Data Processing; Data

Storage)

• Communications

• Earth Based Control (Deep Space Communica-

tions Networks)

• Crew and Vehicle Control Center

Fig. 9 SEVEN BASIC CHARACTERISTICS OF EFFICIENT HIGHLY INTEGRATED SYSTEMS
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However, already in its present condition, the STAMP computer

program can be used to advantage; primarily for these reasons:

(1) Complexity and laboriousness of the required computational effort

for even a very limited number of alternatives of different missions

flown with different types of equipment at different levels of relia-

bility or mean time before failure (MTBF).

(z) The large number of alternatives and of parameter variations

within given alternatives, adding up to a very large number of var-

iations, if a thorough job is to be done.

(3) The completeness of resolution and specification required to avoid

causing the number of alternatives to swell up to even greater pro-

portions, while at the same time the conclusiveness (or validity)

of a selection is reduced.

(4) The feed-back characteristics of integration of sizeable numbers

of missions on characteristic parameters.

(5) The desirability of a given choice is based on economy and relative

ease (schedule confidence) of accomplishment, and more so on the

effect which its realization has on economy, reliability or perfor-

mance of the system involved. In other words, the effect on a

project or on a given program must be assessed as thoroughly as

possible to lend validity to a decision which may override a choice

suggested by economy or ease of development alone. Here again

computerization offers possibilities which otherwise are not attain-

able.

Reason no. (1) becomes apparent when examining the sub-programs

contained in the present STAMP computer program (Fig. 10). The mission

objectives and payload (MOP) analysis contains two major sub-programs:

MOP-Z13 covering payloads for lunar and interplanetary missions, for

planetary exploration and for supply shuttle missions; and MOP-214 (not

shown, since it is a sub-program to MOP-g13) dealing with payload re-

quirements analyses for manned sub-missions at the target, namely, sur-

face excursions, orbit excursions or excursions to a planet moon. Propul-

sion system and vehicle system data (input, stored; design computations

not yet possible) and the results of a comprehensive mission performance

sub-program MP-112 are fed into a mission performance and weight

analysis program W-114, capable of computing vehicles powered by chemical,

solid core reactor (SCR) nuclear, solar heat exchanger (SHE), gaseous

core reactor (GCR), nuclear pulse (NP) and nuclear electric (NE) vehicles.

13
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The orbital departure weights, together with relevant data of selected

Earth launch vehicles (ELV's) and a vehicle-payload integration sub-

program are then applied to determine the number of ELV's needed to

establish a given number of vehicles of given orbital departure weight

(ODW) under given conditions of reliability and probablity of mission

success. Cost data, which are input, for ELV's, their payloads, pro-

pellants, orbital tankers and the cost of orbital mating and fueling oper-

ations are then used to determine the direct operating cost. If the orbital

departure weight is pre-given, the weight determination program W-l14

is bypassed. In cases where payloads are launched which are known to

fit (e.g. Gemini or Titan, Apollo or Saturn V or instrumented probes),

the entire ELV determination is bypassed. Any portion of the program

can be used separately, as the situation requires.

Reason no. (2.), the large number of alternatives andof parameter

variations, is illustrated by the fact that one usually has a choice among

mission profiles, ELV's, interorbital space vehicle (ISV) propulsion

systems or associated performance data, of tank arrangements, of

material and of various degrees of design quality, or of combinations

thereof, superimposed over which are a great nurrber of MTBF-data,

converted to reliability data (R = e -_t where _ is the failure rate of the

component or subsystem and t = duration of operating life), and of pro-

bability of success data for vehicle systems and operations, such as

orbital delivery (PD) by ELV and trans-stage (from launch pad to macro-

rendezvous point), orbital mating suc'cess (PM) and orbital fueling success

(Ps)-

Reason no. (3) offers several advantages. While the number of

alternatives and variants is inherently large (reason no. (Z)), their number

is increased if an insufficient amount of specifications or constraints is

provided. For example, if the scientific destination payload for a manned

planetary mission is not defined (i. e. if the scientific objectives are not

clearly defined), a large number of possible mission profiles exists (fly-by,

elliptic capture of various eccentricities, circular capture at various alti-

tudes, excursion to a planet moon, surface excursion, etc.). Of these

alternatives, at least one (surface excursion) will stand out in complexity

and cost; but between others the differences can be much smaller. Ranking

will be ambiguous or may develop in the wrong direction (e. g. by orbital

departure weight, although the differences may be small and the effect on

the exploration of the planet comparatively much larger; cf. for instance

the effect of low-eccentricity capture orbits vs. high-eccentricity orbits

on radar or optical mapping). If the scientific objectives, hence the scien-

tific destination payload, are specified, the choice in orbits (eccentricity,

15



inclination, periapsis and major axis) will be smaller and the selection

more definite. Thus, the first advantage is that the user is encouraged

to be specific and complete. The second advantage is that ambiguities,

where they occur, will invite attention to the lack of resolution.

Reason no. (4) considers the fact that greater extent of usage improves

reliability and, as a result, will appear more attractive faster in time

than if this effect were not taken into consideration.

Reason no. (5) specifies important criteria for decisions. With

the use of the STAMP computerized approach, the justification of a re-

commendation or decision can frequently be made more valid and docu-

mented more thoroughly than would be possible otherwise.

EXAMPLES FOR THE UTILITY OF THE STAMP COMPUTER PROGRAM

TO ADVANCED RESEARCH AND TECHNOLOGY PLANNING

In the final portion of this report, a few examples are presented,

illustrating the points made in the preceding paragraph. It should be

pointed out that their number could be increased many times.

1. Effect of Lighter and Stronger Structural Material for Thrust

Structures, Tanks and Protective Shields of Interorbital Space Vehicles

(ISV's)

The principal benefit derived from this material would be in the

form of reduction of structural weight for a given propellant quantity,

or, more specifically, of the propellant dependent scaling coefficient,

resulting in a lower ratio of wet inert weight W b to propellant weight W
r%

and, thence, also in a lower mass fraction x (Eq. (I), Fig. II), Wb/W_=

kf(F/Wp) + kp (Wc/Wp) = (l-x)/x. The principal effect of the reduced
t-

structural weight should be a reduction in transportation cost for given

missions. Mass fraction and a suitable cost parameter must, therefore be

correlated via mission parameter • and propulsion performance param-

eter Isp. This is shown in Fig II I). Reduction in T_ $ is achieved here

nominally by an increase in gross payload fraction for the same ignition

weight WA; hence, in a decrease of (K_v/WA)/_ . This presumes that the

material and/or associated manufacturing costs have not increased; if so,

KTv/W A would increase also. This increase can then be compared with the

increase in _ as obtained by the computer program.

I) For greater detail see STAMP, Vol. III, General Report, GD/C

AOK 65-001-3.
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Operating Cost Effectiveness Index for Gross Payload Transportation:

I_ = T)_ /(KTv/W A) = I/jl

-I

"I [ III _ : 1 m ( l Ix) l --(II_)

Operating Cost Effectiveness for Gross Payload Transportation ($1/ib gross

payload):

T_. = (KTv/WA) 1 - (i/x) 1 - e sp

** * 1 1 Isp2 Isp3

T_ = (KTv/W A) I - I - e
Xlz34

FIGURE I I.

(1 stage)

(4 stages)

CORRELATION BETWEEN PERFORMANCE AND COST

PARAMETERS (4 stages)

If the vehicle is orbit launched, e.g. , it is a large manned lunar or

planetary vehicle, WAI (ignition weight at Earth departure) would not

necessarily stay constant, but be reduced. The resulting saving in logistics

requirements adds to the cost improvement, mainly, because less propellant

must be transported, and in orbit, the propellant cost is at least K_V/WA, ELV

times higher than at the surface. This effect, too can be assessed by the

STAMP computer program for a few or for a large number and variety
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of missions, indicating thereby the magnitude of cost savings over 5, 10, or

more years. Considering, finally, any possible reduction in material and

manufacturing cost over such time periods, the conclusion as to the worth-

whileness of developing the material in question and any incipient decisions

can be made faster and with a higher degree of substantiation than would be

possible otherwise.

Z. Redundancy/Reliability and Repairability/Reliabilit[.

In an operations project, redundancy enters the consideration in two

ways: Equipment and component redundancy; and reliable redundancy. A

series relationship exists between all basic component types; i.e. , each

individual component or equipment must function properly for mission success.

A parallel relationship exists between redundant components or systems,

including vehicles, only one of each of the redundant types has to function

properly for mission success. The reliability of each component follows

from i_ = e - _t, as stated before, where _ is the MTBF. The environment

for which the MTBF must be stated, so that MTBF degradation factors can

be applied to account for varying environment. This is illustrated in Fig. IZ.

The STAMP computer program, while having been provided with a capacity

for a large variety of reliability analyses, is presently not capable of allowing

automatically for environmental degradation factors due to vibration (ascent),

heat, meteoroid flux, corpuscular radiation, etc. This is considered an

important growth potential.

The factors which can be studied with the program are illustrated in

Figure 13. For instrumented spacecraft the graph at the left shows a

typical variation of i_ with redundancy, hence, with increasing equipment

weight, and the rate of reliability gain per unit weight added in the favor of

redundancy. The fact is indicated that a dual redundancy (i.e., a second

redundancy usually is less effective, assuming basic equipment reliability

is high). The chart on the right hand side of Fig. 13 shows a typical transi-

tion from spacecraft equipment redundancy to ELY/Spacecraft redundancy

with consideration of the cost of redundancy. Due to the higher cost of ELV/

Spacecraft, the reliability gain rate per dollare increase in direct operating

cost drops sharply, even though the reliability is increased sharply. This is

hardly a striking result, however, the STAMP computer program can assist

in defining the basic MTBF requirements (hence, corresponding reliability

test programs, special test facilities, etc.) to gain a level for which a single

component redundancy eventually provides the required overall probability of

success.

Were crew carrying space vehicles are involved, repairability (combined

with accessibility and removability) must be included in the analysis. While
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the equations were prepared, they could not be incorporated any more into

the program.

3. Considerations for the Selection of an Optimum Post Saturn ELV.

The two main characteristics which advance the economy of an ELV,

least of one with chemical propulsion, are size and reusability. With

increasing size, the payload fraction increases. On the other hand, exces-

sively large size (relative to the planned Earth-to-Orbit transport volume)

reduces the launch rate and causes

at

• reusability to be of limited effectiveness and pay-off,

• reliability to grow slowly,

• manufacturing and transportation cost to stay high.

On the other hand, if the reusable launch vehicle is too small for the

anticipated transport volume, the payload fraction is small, but the launch

rate is very high, so that reusability pays off very well, the reliability is

high and the production cost low. On the other hand, however, excessively

large launch requirements to establish lunar and planetary vehicles in orbit,

caus e

the number of required redundant launch vehicles and their payload

to increase; this is costly, because not only the ELV, but also the

payload (unless it is a tanker for orbital fueling) are expensive,

orbital operations to become more complex and expensive fast,

because large numbers of matings are needed, because supplies are

expensive and because the rate of doing a job under zero-g conditions

is necessarily slower; these factors represent considerable

disadvantages, compared to a very large Post Saturn which can

deliver complete interplanetary vehicles and requires essentially

only tankers thereafter, to fuel the vehicles in orbit.

The true practical optimum lies somewhere between the two extremes;

but its location is a function of the intensity of the manned space program and

the direction of greatest emphasis (orbital, lunar, planetary). Superimposed

over this is the consideration of other than strictly chemical propulsion sys-

tems, primarily airbreathing and certain nuclear engines.

It is obviously of considerable importance for ART planning activities

to understand as thoroughly as possible the implications of any choice of the

size of chemical ELVs or a combination of size and engine variation. The

problem areas of significance to ART planning are too numerous to mention here.
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Because of the basic importance for planetary, and also lunar, programs

of an effective, reusable, frequently deployed ELV which at the same time

does not throttle Earth-to-Orbit transportation volume a computerized para-

metric study was made of the procurement requirement of Saturn V, a

Saturn V Mod. model (350k pld. ;40' diameter, 155' length of pld. section}

and a Post Saturn (1000k pld., 70' diameter, and 450' length of pld. section}

to establish in Earth orbit two identical interplanetary vehicles of given

initial gross payload weight. The propulsion system of these vehicles was

changed from chemical (350 and 450 sec) to nuclear pulse (NP) with specific

impulses up to 5000 sec. The mission velocity was varied from Z0,000

(Venus Powered Fly-By) to 250,000 ft/sec (Saturn mission). Fig. 14 compares

some of the results. The dotted lines represent Saturn V, the solid lines

Post Saturn. Number (I) designates chemical (350 sec} propulsion; (Z)

designates chemical (Op/Hz; 450 sec) propulsion; (3) stands for a solid core

reactor thrust unit, graphite based (SCR/G), of Z50, 000 lb. turns per engine

and 800 sec Isp. Finally, (6) designates a nuclear pulse (NP) vehicle with

2200 sec Isp. This vehicle has in initial payload of 300,000 lb., whereas the

SCR/G vehicle has 130,000 lb. and the chemical ones 100, 000 lb. The

example shows that a combination (3) of Saturn V Mod and SCR/G interorbital

vehicle provides a very significant increase in capability over Saturn V, except

at very small velocities. A far more stable long-range solution is represented

here by a combination of Saturn V Mod and NP, at least so far as manned

missions in the inner solar system are concerned. For use with NP at

around ZZ00 sec Isp, this ELV represents a near-optimum choice, especially

if it were reusable. For combinations of chemical ELV and SCI%/G planetary

vehicles, and missions to Venus and Mars only and with strong emphasis on

lunar operations an ELV of 000 to 700, 00 lb. paylaod, and reusable, would be

close to optimum. For strong emphasis on planetary missions in the 1980s

and 1990s, both, a Post Saturn of at least I000, 000 lb. payload and an ISV

driven by nuclear pulse or nuclear electric engines are required.
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Fig. 14 Compariso_ of the Effect of Isp and ELV Capability

on Interplanetary Mission Capability
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PZ

P3

P4 =
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TV

T_. =
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X =

X =
IZ
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NOMENCLATURE

(l-Xl)/X 1

(l-Xz)/X z

W

Pl

W

PZ

W

P3

W

P4

operating cost effectiveness index

operating cost of ELV

operating cost effectiveness for gross payload

transportation

specific impulse

ignition weight

mass fraction

mass fraction for two stages

mass fraction for three stages

mass fraction for four stages

payload fraction

mass ratio

ratio of ideal velocity



NOMENCLATURE (continued)

wb
R

P
D

Ps
W

C

kf

k
P

wet inert weight

reliability

probability of successful delivery from launch

pad to macro-rendezvous point in orbit

success probability of mating in orbit

success probability of fueling in orbit

fixed weight which is neither thrust dependent or

propellant dependent

scaling coefficient for thrust dependent items

scaling coefficient for propellent dependent weights

b


